BACKGROUND CONTEXT: Postoperative malalignment of the cervical spine may alter cervical spine mechanics and put patients at risk for clinical adjacent segment pathology requiring surgery. PURPOSE: To investigate whether a relationship exists between cervical spine sagittal alignment and clinical adjacent segment pathology requiring surgery (CASP-S) following anterior cervical fusion (ACF). STUDY DESIGN: Retrospective matched study. PATIENT SAMPLE: A total of 122 patients undergoing ACF between 1996 and 2008 were identified, with a minimum of 2 years of follow-up. OUTCOME MEASURES: Radiographs were reviewed to measure the sagittal alignment using C2 and C7 sagittal plumb lines, distance from the fusion mass plumb line to the C2 and C7 plumb lines, the alignment of the fusion mass, caudally adjacent disc angle, the sagittal slope angle of the superior end plate of the vertebra caudally adjacent to the fusion mass, T1 sagittal angle, overall cervical sagittal alignment, and curve patterns by Katsuura classification. METHODS: A total of 122 patients undergoing ACF between 1996 and 2008 were identified, with a minimum of 1 year of follow-up. Patients were divided into groups according to the development of CASP (control/CASP-S) and by number/location of levels fused. Radiographs were reviewed to measure the sagittal alignment using C2 and C7 sagittal plumb lines, distance from the fusion mass plumb line to the C2 and C7 plumb lines, the alignment of the fusion mass, caudally adjacent disc angle, the sagittal slope angle of the superior end plate of the vertebra caudally adjacent to the fusion mass, T1 sagittal angle, overall cervical sagittal alignment, and curve patterns by Katsuura classification. Appropriate statistical tests were performed to calculate relationships between the variables and the development of CASP-S. No funds were received in support of this work. No benefits in any form have been or will be received from a commercial party related directly or indirectly to the subject of this article. The disclosure key can be found on the Table of Contents and at www. TheSpineJournalOnline.com.
Introduction
Clinical adjacent segment pathology may affect more than one fourth of all patients within 10 years after an anterior cervical arthrodesis [1, 2] . The risk factors for clinical adjacent segment pathology include preexisting degeneration at the adjacent levels [1] , previous cervical fusion [1] , and sagittal cervical malalignment [3, 4] . Malalignment of the cervical spine in the sagittal plane has been shown to increase adjacent segment disc pressures in cadaver models [5] .
The sagittal alignment measured by C2-C7 Cobb angle does not describe where C2 lies relative to C7 [6] . The position of C2, relative to C7, in the sagittal plane is closely maintained [6] [7] [8] . The cervical plumb lines from the C2 in the longstanding radiographs were distributed in a narrow range (16.1611.6 mm) anterior to the center of C7 in a study with all 52 adult patients visiting for lumbar spine problem [6] and in a range (16.8611.2 mm) in a study with 100 asymptomatic volunteers [7] . The distance between cervical sagittal plumb lines from C2 and C7 may be another important element for cervical sagittal alignment. However, to our knowledge, there is no report about the relationship between the cervical sagittal alignment measured by the cervical sagittal plumb lines and clinical adjacent segment pathology in anterior cervical arthrodesis. The purpose of this study is to determine whether postoperative cervical sagittal alignment measured by the cervical sagittal plumb lines from C2 and C7 can be related to clinical adjacent segment pathology requiring surgery after anterior cervical arthrodesis.
Materials and methods
The Washington University in St. Louis institutional review board approved this study. The surgical records of the senior author were queried to identify adult patients undergoing anterior cervical discectomy or corpectomy and fusion between 1996 and 2008. Those patients undergoing surgery for nondegenerative disease (trauma, infection, tumor, deformity, inflammation) were excluded.
Clinical adjacent segment pathology is defined as degeneration at a segment adjacent to a fusion causing symptoms.
The cohort identified was divided into patients undergoing clinical adjacent segment pathology surgery (CASP-S) and those who did not (control). The CASP-S group was composed of patients who underwent secondary adjacent segment surgery because of symptoms concordant with adjacent segment pathology. Demographic data included age at surgery, gender, comorbidities including diabetes mellitus, smoking history, body mass index (BMI), and diagnosis. Follow-up was defined as the period after surgery in the control group and the time from index surgery to reoperation in the CASP-S group.
Surgical data collected included levels of surgery, number of fusion levels, and type of bone graft (autograft vs. allograft).
Radiographs at the final follow-up or before an additional surgery were assessed in each group to determine the distance between the C2 and the C7 sagittal plumb lines, distance from the plumb line of the fusion mass to C2 and C7 plumb lines, the sagittal slope angle of the superior end plate of the vertebra caudally adjacent to the fusion mass, T1 sagittal angle, caudally adjacent disc angle, alignment of the fusion mass, overall cervical sagittal alignment, and curve patterns, including kyphotic, straight, lordotic, and sigmoid.
Routine lateral radiographs were obtained using standard techniques. The patient stands upright, his or her head facing forward. The X-ray tube is positioned 72 inches from the patient. The C2 sagittal plumb line was drawn with a lateral gravity plumb line from the center of C2 (Fig. 1) . The center of C2 was noted by the intersection of crossing diagonals of vertebral body of C2 on the lateral radiograph. The C7 sagittal plumb line was drawn with a lateral gravity plumb line from the center of C7 (Fig. 1) . The plumb line of fusion mass was drawn with a lateral gravity plumb line from the center of fusion mass (Fig. 1) . The center of C7 or fusion mass was noted by the intersection of crossing diagonals on the lateral radiograph. The distance between the plumb lines was measured as the shortest perpendicular distance between the two lines (Fig. 1) . The caudally adjacent disc angle was measured as the angle between the caudal and cranial end plates of the disc just caudal to the fusion mass (Fig. 2) . The sagittal slope angle of the superior end plate of the vertebra caudally adjacent to the fusion mass was measured as the angle between a horizontal line and the cranial end plate of the vertebra caudally adjacent to the fusion mass (Fig. 2) . The T1 sagittal angle was measured as the angle between a horizontal line and the cranial end plate of T1 (Fig. 2) . The alignment of the fusion mass was measured as the Cobb angle between cranial and caudal end plates of the fusion mass (Fig. 3) . The overall cervical sagittal alignment was measured as the Cobb angle between cranial end plate of C2 and caudal end plates of C7 (Fig. 3) .
The curve pattern of the cervical spine was classified by Katsuura [3] as lordotic, straight, kyphotic, or sigmoid based on the shape and the angle formed by tangent lines to the posterior cortex of C2 and C7.
Comparisons of categorical variables were made using Fisher's exact tests. Comparisons of continuous and ordinal variables were made using Student t-test or WilcoxonMann-Whitney test because of the non-normal distribution. Tests were two-tailed and p!.05 was considered significant. Logistic regression was used to estimate odds ratios (OR) and 95% confidence intervals (CI) for variables with significant associations with clinical adjacent segment pathology requiring surgery. The area under receiver operating characteristic curve is the concordant index (c-index), which was used to identify which radiographic 
Context
Sagittal alignment has been shown in some studies to influence adjacent level degeneration following lumbar fusion. The authors aimed to assess this factor in the cervical spine.
Contribution
Using a specific plumb line technique to determine sagittal alignment in this retrospective study, the group found that malalignment of fusion at C5-C6 may result in subsequent adjacent level degeneration requiring additional surgery in the future.
Implications
The findings are interesting and suggest that efforts to address alignment when undertaking C5-C6 ACDF should perhaps be given greater consideration. The lack of standardization in obtaining radiographs, especially using the plumb line technique, is a concern. A prospective study would help to clarify whether the effect noted is real or not.
-The Editors measurements could be most effective at predicting clinical adjacent segment pathology requiring surgery. Cox regression analysis was also used to estimate variables with significant associations with clinical adjacent segment pathology requiring surgery. SAS version 9.2 (SAS Institute, Cary, NC, USA) was used for analysis.
Results
A total of 614 patients were identified as having undergone anterior cervical fusion for degenerative disease (Fig. 4) . For the CASP-S group, 116 patients were identified; for the control group, 498 patients were identified. We removed the patients in the CASP-S group who had radiographic studies that did not show the C7-T1 disc space, with the index anterior cervical fusion extending to C7 or C2, or with index anterior and posterior fusion. In the control group, we excluded patients who had radiographic studies that did not show C7-T1, anterior cervical fusion to C7 or C2, previous history of posterior cervical surgery, or a follow-up of less than 1 year. In addition, we excluded those that did not match for age, gender, diagnosis, the fusion level, comorbidities, and BMI with the CASP-S group. This left 61 patients who underwent further surgery for clinical adjacent segment pathology and 61 control patients. The control group has three subgroups: one-level fusion (C4-C554, C5-C6528), two-level fusion (C3-C4-C554, C4-C5-C6520), and three-level fusion (C3-C4-C5-C655) ( Table 1 ). The CASP-S group also has three subgroups: one-level fusion (C4-C556, C5-C6526), two-level fusion (C3-C4-C554, C4-C5-C6519), and three-level fusion (C3-C4-C5-C656) ( Table 1 ).
The mean age at surgery, gender, diagnosis for surgery, comorbidities including diabetes mellitus, smoking history, BMI, type of bone graft, and follow-up period were similar ( Table 2 ).
The curve pattern by Katsuura classification was lordotic in 90 cases, straight in 28 cases, sigmoid in three cases, and kyphotic in one case (Table 3) . Physiologic lordosis was preserved in 82% (50/61) of the control group, but in only 66% (40/61) of the CASP-S group (p5.033, Fisher's exact test). There were more patients with a straight curve pattern in the CASP-S group.
The following radiographic findings did not differ significantly between the two groups with one-, two-, and threelevel fusions: the distance from C2 to C7 sagittal plumb lines, distance from the fusion mass to each plumb line, the sagittal slope angle of the superior end plate of the vertebrae distally adjacent to the fusion mass, the T1 sagittal slope angle, caudally adjacent disc angle, alignment of One  32  32  C4-C5  4  6  C5-C6  28  26  Two  24  23  C3-C4-C5  4  4  C4-C5-C6  20  19  Three  C3-C4-C5-C6  5  6 CASP-S, clinical adjacent segment pathology requiring surgery.
the fusion mass, and overall cervical sagittal alignment (Table 4) . Also, if we compare the CASP-S subgroup of the 32 patients who underwent fusion at one level versus the control subgroup, the only significant difference was the distance from C2 to C7 sagittal plumb line (Table 4) . If we compare the CASP-S sub-subgroup of the 28 patients who underwent fusion at the C5-C6 level versus the control sub-subgroup, there was a significant difference between the control and CASP sub-subgroups for the following: the distance from C2 to C7 sagittal plumb lines, distance from the fusion mass to the C7 plumb line, the sagittal slope angle of the superior end plate of the vertebra distally adjacent to the fusion mass (C7 sagittal slope angle), and T1 sagittal slope angle (Table 4 ). The distance from C2 to C7 sagittal plumb line and from the fusion mass to the C7 plumb line decreased in the CASP-S sub-subgroup with C5-C6 level fusion compared with the control sub-subgroup with C5-C6 level fusion. Also, C7 sagittal slope angle and T1 sagittal slope angle decreased in the CASP-S sub-subgroup with C5-C6 level fusion compared with the control sub-subgroup with C5-C6 level fusion.
The distance from the fusion mass to the C7 plumb line and the C7 sagittal slope angle were found to be potential risk factors for predicting clinical adjacent segment pathology requiring surgery using logistic regression analysis for the patients with the C5-C6 disc level fused (Table 5 ). The distance from the fusion mass to the C7 plumb line was found to be a potential risk factor for predicting clinical adjacent segment pathology requiring surgery using Cox regression analysis for the patients with the C5-C6 disc level fused (Table 6 ).
Discussion
The prevalence of clinical adjacent segment pathology requiring surgery after anterior cervical decompression and arthrodesis has been reported to be 9% at 5 years [1] , 12% at 6 years [9] , and 19.2% at 10 years [1] . The incidence of surgery for clinical adjacent segment pathology has been reported to be between 1.5% and 4% annually following anterior cervical arthrodeses [1, 10] . Several risk factors for the development of clinical adjacent segment pathology have been reported, including cervical malalignment [3, 4] . The standing sagittal plumb lines from C2 and C7 are closely maintained in a tight range of variation in the normal cervical spine [6] [7] [8] . Therefore, if the usually close distance between these sagittal plumb lines is perturbed by surgical intervention, one could theorize that the altered cervical sagittal alignment might result in increased risk for adjacent segment pathology. However, to our knowledge, there is no report examining this topic. We therefore determined whether postoperative cervical sagittal alignment, measured by the sagittal plumb lines from C2 and C7 may be associated with clinical adjacent segment pathology requiring surgery following anterior cervical arthrodesis.
We measured the distance between C2 and C7 plumb lines in the sagittal plane. This gives an alternative method for assessing overall cervical alignment. For instance, two patients can have the same degree of cervical lordosis but if one has severe thoracic kyphosis such that their head projects well in front of their sternum, he or she will have a larger distance between the two plumb lines than the one who has normal thoracic alignment. Kuntz et al. [8] reviewed 12 articles regarding sagittal alignment in asymptomatic adults. They found that the C2-S1 sagittal vertical axis and C7-S1 sagittal vertical axis were maintained in a narrow range for alignment of the spine over the pelvis and femoral heads [8] . The cervical plumb lines from C2 in the longstanding radiographs were distributed in a narrow range (16.1611.6 mm) anterior to the center of C7 in 52 adult patients presenting with lumbar spine problems [6] . The range was equally narrow (16.8611.2 mm) in a study with 100 asymptomatic volunteers [7] . Such plumb lines have been shown to be useful in predicting adjacent level degeneration after lumbar fusion. A lower incidence of adjacent-level change was demonstrated in patients with a normal C7 plumb line alignment following lumbar spinal fusion [11] . We felt that a similar finding might be found in the cervical spine by assessing sagittal balance with C2 and C7 plumb lines. However, to our knowledge, no investigator had ever used C2 and C7 plumb lines to assess the adverse effect of cervical malalignment on clinical adjacent segment pathology.
Our study showed that the distance from the C2 to C7 sagittal plumb lines and the distance from the fusion mass to the C7 plumb line was significantly less in the patients fused at C5-C6 with clinical adjacent segment pathology requiring surgery compared with the patients fused at C5-C6 without clinical adjacent segment pathology requiring surgery. Also, in the patients fused at the C5-C6 level, the C7 and T1 sagittal slope angles were lower (ie, the end plate was more horizontal) for those with clinical adjacent segment pathology requiring surgery compared with those without. The T1 sagittal slope angle is related to the distance from C2 to C7 sagittal plumb lines. The T1 sagittal angle correlated with a positive sagittal balance of the C2 plumb line in asymptomatic volunteers [6] . A 10-cm positive sagittal balance of the C2 plumb line (C2 line is 10 cm in front of C7) was associated with greater than 25 of T1 sagittal angle and negative sagittal balance of the C2 plumb line is seen in patients with less than 13 of T1 sagittal angle [6] . In addition, the distance from the fusion mass to the C7 plumb line and the C7 sagittal slope angle were found to be potential risk factors for predicting clinical adjacent segment pathology requiring surgery in the patients with C5-C6 fusions. In contrast to our results using plumb lines and sagittal slope angles, our study showed that clinical adjacent segment pathology requiring surgery had no relationship with the alignment of the fused segment or the overall cervical sagittal alignment.
Faldini et al. [4] found that malalignment after cervical arthrodesis promotes degenerative changes at levels adjacent to the fused segment (radiographically adjacent segment pathology). They retrospectively studied 107 patients with one-level anterior cervical discectomy and fusion [4] . The degree of adjacent-level degeneration was assessed using the formation of osteophytes, periarticular ossicles, cartilage narrowing with subchondral bone sclerosis, pseudocystic areas, and altered bone shape on the radiograph as evidence of degeneration [12] . Adjacent segment degeneration was found in 27% of cases fused in lordosis and 60% of cases with fused in kyphosis [4] , but they found no relationship between the overall cervical spine alignment and adjacent segment degeneration [4] . Katsuura et al. [3] evaluated 42 patients who underwent anterior cervical interbody fusion surgery with lateral standard radiographs of the cervical spine. They diagnosed radiographically adjacent segment pathology when radiographic findings were consistent with the patient's symptoms and signs and when at least one of following criteria was met: evident intervertebral disc space narrowing; newly developed instability more than 3 mm on flexion and extension radiographs; and posterior vertebral spur formation [3] . They found that the alignment of the fusion mass and the overall cervical sagittal alignment in the postoperative radiographs were more kyphotic in the patients with the radiographically adjacent-level degeneration [3] .
Although both of these studies showed that kyphosis was associated with radiographic degeneration at adjacent levels, they investigated radiographically adjacent segment pathology, not CASP-S. Radiographic degeneration is not always related to clinical symptoms [13] ; therefore, we divided the cohort into two groups based on the need for additional operation for adjacent segment pathology. Contrary to both of the previous studies, which looked only at radiographic degeneration at the adjacent segment, our study shows that reoperation at the adjacent segment had no relationship with either the alignment of the fusion mass or the overall cervical sagittal alignment.
As with any study, the present investigation may have several potential problems. First, it is a retrospective study; therefore, we did not have a protocol for standardizing all radiographs. Patients were asked to hold their neck in a neutral position. However, this may have been affected by neck pain. Second, we do not have radiographs before the primary operation. Because we were mainly interested in knowing the effect of postoperative cervical alignment on the incidence of CASP-S, preoperative radiographs are noncontributory. Third, the major indication for the adjacent segment operation was pain, but other problems could be potential indications for adjacent segment operations. Fourth, the degree of radiographically adjacent segment pathology was not evaluated in the current study. We only checked the relationship between the postoperative cervical sagittal alignment and clinical adjacent segment pathology requiring surgery following anterior cervical arthrodesis. Our analysis allows for a better understanding of the relationship between alignment and clinical adjacent segment pathology requiring surgery. Fifth, some patients in the control group are highly likely to require surgery sometime in the future. Although our follow-up period was an average of 44 months for the control and 53 months for surgical groups, that may not have been long enough to detect the effect of follow-up on CASP. Finally, ours is an observational study that points out a correlation but cannot explain why such a correlation occurs. It is beyond the scope of a nonbiomechanical study to elucidate the exact pathomechanism by which such a correlation occurs.
Our results showed that the alignment of the postoperative cervical spine has an effect on the development of symptomatic adjacent level pathology requiring surgery. Further investigation may help to explain the mechanism by which such a correlation occurs.
